cow genotype on any parameter was observed. Concentrate CP level had no significant effect 48 on any energy utilization parameter, except for urinary energy output which was positively 49 related to concentrate CP level. Similarly concentrate CP content had no effect on CH4 50 emission (g/d), CH4 per kg feed intake or nutrient digestibility. The crossbreeding of Holstein 51 cows significantly reduced gross energy, digestible energy and metabolizable energy intake, 52 heat production and milk energy output. However, cow genotype had no significant effects 53 on energy utilization efficiency or CH4 parameters. Furthermore, the present study yielded a 54 value for gross energy lost as CH4 (5.6 %) on fresh grass-based diets that is lower than the 55 widely accepted value of 6.5 %. The present findings indicate reducing concentrate CP 56 content from 18.1 to 14.1 % may not be a successful approach to alleviate CH4 emissions 57 from lactating dairy cows offered good quality fresh grass, however grazing cows could be 58 offered a low CP concentrate without compromising energy utilization efficiency. Further 59 research is needed to investigate whether larger differences in dietary CP content may yield 60 positive results. 61 62 Key words: dairy cow, energy utilization, methane, fresh grass.
INTRODUCTION 64
The agricultural industry is a major contributor of atmospheric methane (CH4), and 65 responsible for 13.5 % of total greenhouse gas emissions globally (IPCC et al., 2007) . A large 66 proportion of these emissions (80 %) come from livestock production systems (FAO, 2006) . 67
In Northern Ireland, agriculture is responsible for the emission of 6.49 MT CO2 equivalent 68
MATERIALS AND METHODS 113
All scientific procedures described were carried out under experimental license from the 114
Department of Health, Social Services and Public Safety of Northern Ireland in accordance 115
with the Animal (Scientific Procedures) Act (Home Office, 1986) . 116
Experimental Design 117
The current study presents observations from a calorimetry experiment performed at Agri-118 produced by mixing the low and high CP concentrates in equal proportions. This resulted in 3 134 concentrate feeds which were comparable in regard to ME, fermentable ME and fiber 135 content. Concentrates were offered at milking, 50 % at 0700 and 50 % at 1500, and fresh 136 herbage at 1000 (ad libitum) each morning. The zero-grazed herbage was harvested (from asingle sward) each morning using a Haldrup 1500, boxed loosely to avoid nutrient 138 degradation and perennial ryegrass' temperature was monitored for the duration of the study. were determined based on common routine practices, in order to ensure perennial ryegrass of 142 a similar quality was being offered to animals for the duration of experimental work. 143
Concentrate rations were calculated based on the average DMI of the previous 7-d and 144 animals had free access to water throughout the study. 145
Digestibility and Calorimeter Chamber Measurements 146
All procedures for records of feed intake, feces and urine excretion and milk production, and 147 all sample measurements during the final 6-d of each period were reported by Hynes et al. 
Calculations and Statistical Analysis 176
Prior to analysis a number of energy utilization parameters were calculated using the 177 equations in Table 1 . Heat production (HP) was calculated based on O2 consumption, CO2 178 and CH4 production and urinary N excretion using the equation of Brouwer (1965) . Retained 179 energy was calculated by subtracting HP and milk energy from ME intake (MEI). The ME 180 requirement for maintenance (MEm) and subsequently the efficiency of ME use for lactation 181 (kl) was calculated according to Agnew et al. (2004) . 182
Means of individual animals' variables over the two 3-d collection phases (with the exception 183 of the calorimetric data collected over one 3-d phase) were used for statistical analysis. 184
Experimental data were analyzed using Genstat statistical package (VSN International, 2013) . 185
Linear mixed model methodology with REML estimation (Gilmour et al., 1995) Data on nutrient digestibility are presented in Table 2 . Findings conveyed no significant 203 effects of dietary treatment or genotype on any apparent whole-tract digestibility parameter 204 (DM, OM, GE, NDF, ADF or digestible OM in total DM), but a tendency of N digestibility 205 to linearly increase with increasing concentrate CP content, was observed. 206
Energy Utilization 207
Findings on the effects of concentrate CP levels and cow genotype on energy utilization 208 variables are displayed in Table 3 . Analysis showed there was no significant effect of dietary 209 treatment on energy intake (GE, digestible energy (DE) or ME), retained energy or energy 210 partition in feces, CH4, HP or milk, although there was a positive linear effect of concentrateME/GE, HP/MEI or kl. 213
In comparison to Crossbreds, Holstein cows had significantly higher GE, DE and ME intakes 214 and consequently higher HP and milk energy output. Cow genotype had no significant effect 215 on DE/GE, ME/GE, HP/MEI or kl. 216
Methane Emissions 217
Enteric CH4 emission data are shown in Table 4 . Neither concentrate CP level nor cow 218 genotype had significant effect on any CH4 emission factor, in terms of total emission (g/d), 219 or CH4 emissions as a proportion of feed intake, MY, or CH4 energy (CH4-E) as a proportion 220 of GE intake (GEI). The ratio of CH4-E as a proportion of GE, DE and ME intakes had mean 221 values of 0.056, 0.076 and 0.089 (MJ/MJ) respectively. 222
Grazing systems are extensively used in areas with cool and moist climates, which allow a 224 long grazing season and high forage production, thus providing a low-cost feeding approach 225
for ruminant production systems (Peyraud and Delagarde, 2013) . Hence profitability of 226 dairying in these areas is fundamentally linked to forage utilization, for example in Ireland 227 every extra tonne of forage yield per ha (DM basis) is worth 161 euro (Shalloo, 2009) . , 2015) , the outcome of present study did not confirm 315 this hypothesis. In the present study the formulation of concentrate supplements did not alter 316 their NDF and ADF concentrations. Although increasing CP contents decreased starch 317 contents in the 3 concentrates, the differences in starch contents were relatively small (21.1 to 318 23.2 % DM basis) between the 3 concentrates and negligible (6.9 to 7.6 %) between total 319 diets. Therefore, the present study suggests that increasing concentrate CP contents resulting 320 in a concomitant increase in total dietary CP content from 16.9 to 18.3 % had no effects on 321 enteric CH4 emission rates on perennial ryegrass and concentrate base diets. The results from the current study suggest reducing concentrate CP content from 18.1 to 357 14.1% does not affect energy utilization efficiency or enteric CH4 emission rates in lactating 358 dairy cows on fresh-cut perennial ryegrass based diets. Crossbreeding Holstein cows withSwedish Red sires had no significant effect on energy utilization efficiency or enteric CH4 360 emission rates, although Holstein cows had higher energy intakes and milk energy outputs. 361
Hence these findings suggest concentrates with CP levels as low as 14.1 % can be offered in 362 combination with good quality perennial ryegrass without any negating effect on CH4 363 emissions or energy partitioning for production, although sustainability of production would 364 have to be confirmed on a long-term study. Table 1 . Equations used for the calculations of heat production, ME requirement for maintenance and efficiency of ME for lactation 1, 2 Estimated variable Equation Tyrrell and Reid, (1965) ), CH4-E = methane energy output, GEI = gross energy intake, DEI = digestible energy intake, MEI = ME intake. 1 Probability of a linear (lin) or quadratic (quad) effect of concentrate CP level in the diet. 2 Crossbred cows were crosses between Holstein and Swedish Red.
